Group A streptococci persist in the tissues of the upper respiratory tract for several months after infection (1) , although the number of streptococci that can be isolated from the respiratory tract usually decreases after the acute illness. The present study was designed to test the infectivity of group A streptococci isolated from the human oropharynx during the acute streptococcal infection and during the carrier state. Infectivity was determined by intranasal inoculation of monkeys, since in these animals streptococci will grow in the tissues of the oropharynx and induce an antibody response.
METHODS
The strains of group A streptococci employed were isolated from Patient 496 who developed exudative pharyngitis due to type 14 streptococci on March 21, 1951, in Cheyenne, Wyoming. He received no specific therapy and 2 weeks later was transferred by airplane to Florida (1) . Cultures of the nose and oropharynx were obtained twice weekly by methods previously described (1) . Colonies of bacteria showing p-hemolysis were isolated from the original sheep blood-agar plates and transferred to a second blood-agar plate. After incubation several colonies were inoculated into a blood-broth culture which was employed as the source of organisms for serological identification by the usual methods (2 brain-heart infusion broth which contained one drop of sheep blood. After incubation at 370 C for 8 hours, 1 ml was transferred into a flask containing 25 ml of brainheart infusion and 0.5 ml of sheep blood. The culture was incubated at 370 C for 12 hours, chilled, and centrifuged at 2,500 rpm for 30 minutes. The sedimented organisms were resuspended in 10 ml of sterile brainheart infusion broth. With a syringe and a blunt needle, 0.5 ml of this suspension was inoculated into each nostril of unanesthetized monkeys; the procedure was repeated 24 hours later. It was demonstrated by pour-plate technique that the total inocula given to each monkey contained 400 to 780 million viable streptococci or clumps.
Cultures of the oropharynx, after the second inoculation, were obtained three times weekly for 5 weeks and then once a week for 4 weeks. Cultures were streaked on sheep blood-agar plates and the number of 8-hemolytic colonies recorded. During the first week four colonies, and from subsequent cultures one colony, were selected for serological identification (2) . Blood specimens for antistreptolysin 0 determinations (3) were drawn before and 3 weeks after inoculation.
Eleven young male and 9 young female rhesus monkeys were housed in individual cages. Frequent oropharyngeal cultures showed that 5 animals harbored group A streptococci and 4 carried group C or G organisms. All group A, C, and G streptococci were eliminated by penicillin therapy several weeks prior to inoculation.
RESULTS
Three strains of group A streptococci isolated from Patient 496 were employed in the monkey inoculation studies. The details of the illness of the patient are presented in Figure 1 . Type 14 streptococci were isolated from the oropharynx for 11 weeks. Beginning in week 12 and extending through week 20 of observation, nontypable variants were consistently isolated. Strain 1 was isolated on the second day of illness from a blood-agar plate which showed a predominant growth of f8-hemolytic colonies. substance. The inoculum prepared with strain 3, the non-M variant, was streaked on a bloodagar plate, and from this plate 50 colonies were isolated and serologically identified. Extracts of all the colonies reacted with group A antiserum but not with the type 14 antiserum. Inocula of each of the four strains, prepared as described, were administered intranasally to five monkeys. The results are presented in Table I . All of the 15 monkeys which received typable organisms-strains 1, 2, and 3A-became infected. Type 14 streptococci were readily isolated from the oropharynx of these 15 monkeys for at least 3 weeks and 13 monkeys showed an increase in the antistreptolysin 0 titer during the convalescent period. It is interesting that the five monkeys inoculated with strain 2 were more readily parasitized and consistently showed more ,8-hemolytic streptococci on culture of the oropharynx than did the monkeys inoculated with strains 1 or 3A.
Of the five monkeys inoculated with the strain 3 nontypable variant, three became infected. Identification of multiple colonies isolated on the first day after inoculation from Monkeys 114 and 104 showed two and four colonies, respectively, which were not typable and one colony from Monkey 114 which was type 14. By the third day all colonies isolated from these animals reacted serologically with type 14 antiserum. The two animals which were not infected subsequently were shown to be susceptible to type 14 streptococci after intranasal inoculations.
DISCUSSION
Previous studies (1, 5) have shown that hemolytic streptococci may persist in the throat for many months after an acute infection. Hamburger, Green and Hamburger (6) designated the individual during the first few weeks of infection, when the nose culture was positive, as a "dangerous carrier." During this period many streptococci were dispersed into the environment in contrast to the slight contamination effected by the chronic pharyngeal carrier. Wannamaker (7) confirmed and extended these observations. His studies demonstrated that the dangerous carrier harbored large numbers of streptococci and was responsible for the spread of streptococcal infections. This spread was not mediated through the contaminated environment of the carrier, but rather by direct contact of the susceptible subjects with the dangerous carrier. The chronic carrier, on the other hand, harbored few organisms and was not responsible for the spread of infection. In the experiments reported here the infectivity for monkeys of streptococci isolated at different periods of the carrier state was examined.
The streptococci which persist in the throat many weeks or months after pharyngitis are frequently identical with the strain isolated at the time of infection (1). In the patient who served as the source of streptococci for these experiments the strains during the illness and the tenth week thereafter contained similar amounts of M protein. All M protein strain had occurred in the pharynx of the monkeys. Such a reversion of a non-M protein culture during repeated passages through mice is a common finding. Differences in the strains and experimental techniques may account for the fact that Watson and co-workers did not observe this reversion of the non-M protein strains in monkeys. An alternative explanation for the isolation of type 14 streptococci in monkeys inoculated with a non-M protein variant is the possibility of cross infections from monkeys inoculated with the type 14 streptococci. On the basis of experience with experimental pharyngeal infections in over 100 monkeys this possibility seems unlikely. In these extensive studies, in which monkeys were also housed in individual cages, no cross infections occurred.
The frequent occurrence of the nontypable variant during the course of the carrier state was documented in the previous paper (1). There is no information available, however, on the role of the non-M protein variant in the maintenance of streptococci in the human population. While epidemiological data on the spread of streptococcal infections have clearly demonstrated the infectivity of M protein organisms (7), it is not known whether non-M protein variants may under special circumstances spread to susceptible hosts and cause infection by reversion to the typable form. The present study does emphasize that under appropriate laboratory conditions a non-M protein variant will revert to an M protein strain in the pharynx of monkeys. It is clear that additional investigations are needed to elucidate the mechanisms responsible for the infectivity of hemolytic streptococci.
SUMMARY
Strains of group A, type 14 streptococci isolated from a patient with acute pharyngitis during the acute illness and later during the carrier state caused infections in monkeys inoculated intranasally. Monkeys inoculated with a non-M variant of type 14, isolated during the twentieth week, were not infected with this organism. In three of the five monkeys inoculated with the non-M protein variant, the streptococci subsequently isolated from the pharynx were type 14.
